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HIGH ENERGY PHYSICS

Future Circular Collider Study  
Overview and Design Status

M. Benedikt and F. Zimmermann
gratefully acknowledging input from FCC coordination group,

global FCC design study team and all other contributors
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Reactor complex PIK



26Maria J. G. Borge
ISOLDE-PH, CERN

(Isotope Separator On-Line)
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DTL 
NICA

( )( )

Z/A=1 W=7  - 13 MeV

•A/Z=1,2,3;
•W(A/Z=1)=7 ÷13 MeV/n;
•W(A/Z=2,3)=7 ÷7 MeV/n;
•f=162.5 MHz;
•Esmax=1.8 Kp;
•Transmission=100%;
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• Electron Bombardment ion source
• Hollow Cathode ion source 
• Reflex Discharge Multicusp source
• Cold- & Hot-Cathode PIG
• Electron Cyclotron Resonance ion 

source (ECR)
• Electron Beam Ion Source (EBIS)
• Surface Contact ion source 
• Cryogenic Anode ion source
• Metal Vapor Vacuum Arc ion source 

(MEVVA) 
• Sputtering-type negative ion source
• Plasma Surface Conversion negative 

ion source
• Electron Heated Vaporization ion 

source
• Hollow Cathode von Ardenne ion 

source
• Forrester Porus Plate ion source
• Multipole Confinement ion source
• EHD-driven Liquid ion source 

• Microwave ion source 
• XUV-driven ion source
• Arc Plasma ion source
• Surface Ionization ion source
• Charge Exchange ion source
• Capillary Arc ion source
• Von Ardenne ion source
• Capillaritron ion source
• Canal Ray ion source
• Pulsed Spark ion source
• Field Emission ion source
• Atomic Beam ion source
• Field Ionization ion source
• Arc Discharge ion source
• Multifilament ion source
• RF plasma ion source
• Freeman ion source
• Liquid Metal ion source
• Beam Plasma ion source
• Magnetron ion source
• CHORD
• Calutron ion source

• Bayard-Alpert type ion source
• Inverse Magnetron ion source
• FEBIAD ion source
• Nier ion source
• Bernas ion source
• Nielsen ion source
• Wilson ion source
• Recoil ion source
• Zinn ion source
• Plasmatron
• Duoplasmatron
• Duopigatron
• Laser ion source
• Penning ion source
• Monocusp ion source
• Bucket ion source
• Metal ion source
• Multicusp ion source
• Kaufman ion source
• Flashover ion source

The Opulent Ion Source Buffet*

56 different ion sources !

*Ion source list from SNS M.Stockli’s reportShiXiang Peng, LINAC 2018



Ion Source



Ion Source



Ion Source



Ion Source



Ion Source



Ion Source



Ion Source



42

RFQ 
shifted coupling windows

V.A. Andreev, G. Parisi, in Proc. PAC’93, p. 3124.
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HIAT2012
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RFQ 
shifted coupling windows

V.A. Andreev, G. Parisi, in Proc. PAC’93, p. 3124.

ATLAS RFQ
Photo- P.Ostroumov

HIAT2012

LNL-INFN SC RFQ
Photo – G.Bisoffi

http://accelconf.web.cern.ch/accelconf/e02/TALKS/WEBLA001.pdf 
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RFQ 
shifted coupling windows

V.A. Andreev, G. Parisi, in Proc. PAC’93, p. 3124.

ATLAS RFQ
Photo- P.Ostroumov

HIAT2012

LNL-INFN SC RFQ
Photo – G.Bisoffi

http://accelconf.web.cern.ch/accelconf/e02/TALKS/WEBLA001.pdf 

RFQ  for NICA 
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CH ,
IAP FU

CH-DTL, 
IAP FU GSI

ANL



CH, =0.1, 5-7 MV/m 
(GSI, IAP FU, RI 325 and

360 MHz)

Spoke-cavity, =0.1-0.25,
8 MV/m (ANL, 324 MHz)

12-16 MV/m (FNAL, 324 MHz),
15-18 MV/m (ESS, 325 MHz),

8 MV/m (JFZ, 700 MHz)

QWR and HWR =0.01-0.17, 6-7 MV/m
(LNF INFN+E.Zanon, TRIUMF+PAVAC, …,
bulk Nb), 5-6 MV/m (LNF INFN, Nb/Cu)

Elliptical cavities, =0.2-1.0, up to 35 MV/m
(1300 MHz, KEK, DESY, FNAL ...), 15-16
MV/m (704 MHz, ESS), 30-40 MV/m (800
MHz, LANL)

SC cavities: types and typical energy gains
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Normal conducting linacs
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Normal conducting linacs



Joint Dubnana-a-Moscoww-w-Mininsnsk SRF activities
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PPer aaspera aad aastra

Thank You for attention!

Join us!
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Nuclotron-based 
Ion Collider fAcility

(NICA)

Z/A=1 W=7  - 13 MeV Z/A=2 W=14  - 14 MeV Z/A=3  W=21 - 21 MeV
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RFQ
Ions H+

Operating frequency 162.5 MHz
Beam energy 0.060÷1.5 MeV

Injection current 10 mA
Normalized emittance 1
Normalized acceptance 10

Synchronous phase -90÷-35 deg
Intervane voltage 155 kV

Maximum field strength 1.6 Kp
Average radius 9 mm

Vane radius of curvature 7.2 mm
Maximum vane modulation 1.8

RF power losses 225 kW
Length 2.7 m



60

RFQ
Ions H+

Operating frequency 162.5 MHz
Beam energy 0.060÷1.5 MeV

Injection current 10 mA
Normalized emittance 1
Normalized acceptance 10

Synchronous phase -90÷-35 deg
Intervane voltage 155 kV

Maximum field strength 1.6 Kp
Average radius 9 mm

Vane radius of curvature 7.2 mm
Maximum vane modulation 1.8

RF power losses 225 kW
Length 2.7 m

+Buncher in front of it



61

RFQ
Ions H+

Operating frequency 162.5 MHz
Beam energy 0.060÷1.5 MeV

Injection current 10 mA
Normalized emittance 1
Normalized acceptance 10

Synchronous phase -90÷-35 deg
Intervane voltage 155 kV

Maximum field strength 1.6 Kp
Average radius 9 mm

Vane radius of curvature 7.2 mm
Maximum vane modulation 1.8

RF power losses 225 kW
Length 2.7 m
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RFQ
Ions H+

Operating frequency 162.5 MHz
Beam energy 0.060÷1.5 MeV

Injection current 10 mA
Normalized emittance 1
Normalized acceptance 10

Synchronous phase -90÷-35 deg
Intervane voltage 155 kV

Maximum field strength 1.6 Kp
Average radius 9 mm

Vane radius of curvature 7.2 mm
Maximum vane modulation 1.8

RF power losses 225 kW
Length 2.7 m

+Buncher in front of it
http://accelconf.web.cern.ch/AccelConf/e94/PDF/EPAC1994_1180.PDF

Transmission up to 98%
Decrease of emittance growth 

more than 2 times
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Nuclotron-based 
Ion Collider fAcility

(NICA)



“Small” powerful neutron generators

•FRANZ –
the Frankfurt Neutron source at Stern-Gerlach-Zentrum

•SARAF –
Soreq Applied Research Accelerator Facility

•IFMIF –
International Fusion Materials Irradiation Facility 

EVEDA –
Engineering Validation and Engineering Design Activities -> 
prototype for IFMIF 





SARAF, F, Soreqq, q, Palmachimm andd Yavnee, Israel

http://soreq.gov.il
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The SARAF Main Characteristics

Parametr Value Unit

Ion species P, d

Maximum energy 40 (d), 35 (p) MeV

Maximum current 5 mA

Duty cycle 100 %

Pulsed beam width 0.1-1 Ms

Pulsed beam repetiotion rate 0.1-10 Hz



The IFMIF Main Characteristics

Parameter Value Unit

Particle d

Output energy 9; 40 MeV

Current 125 mA

RFQ frequency 175 MHz

RFQ input energy 100 keV

RFQ output energy 5 MeV

RFQ length 9.8 m

RF power 1.2 MW

IFMIF RFQ MODULE CHARACTERIZATION VIA MECHANICAL AND RF MEASUREMENTS, Luigi Ferrari et.al., LINAC2016, THPLR050
TOWARDS COMMISSIONING OF THE IFMIF RFQ, A. Pisent , LINAC2016
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Thee Ie International al FFusionn MMMaterials s Is Irradiation n FFacility (IFMIF), sionn MMM terialsat
Rokkasho

sss I radiarrrials
oo, Japan



IFMIF-EVEDA - Accelerator System Group – CS Epics Collaboration Meeting, 
Vancouver, April 30 – May 2nd, 2009 

The IFMIF/EVEDA EU-JA Project
• -

• -



The IFMIF/EVEDA EU-JA Project
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